Intestinal diseases, which primarily include inflammatory bowel disease (IBD), colorectal cancer (CRC) and colitis associated cancer (CAC), are believed to develop as a result of heredity transmit, autoimmune disorders, environmental factors and intestinal flora dysbiosis. As small non-coding RNAs, microRNAs (miRNAs) are vital bioactive factors that are important at almost each kind of cellular events. Recent studies have led to novel perceptivity into the roles of miRNAs in the pathogenetic process of many diseases, including intestinal diseases. Thus, miRNAs represent potential goldmines for basic research and therapeutic applications. The present review outlines the research advances of miRNAs in IBD, CRC and CAC, with an emphasis on their application values as therapeutic targets and the associated challenges.
Background
Recently, the incidence of intestinal diseases, including inflammatory bowel disease (IBD), colorectal cancer (CRC) and colitis associated cancer (CAC), has been boosted significantly. However, existing medical approaches are unable to meet the requirements of eliminating these diseases. Unravelling the pathogenic mechanism of intestinal inflammation and cancer may favor the development of novel diagnostic and treatment methods.
IBD, mainly including Crohn's disease (CD) and ulcerative colitis (UC), is a chronic intestinal immune disorder with characteristics that develop through a complicated combination of inheritance, inflammatory responses and environmental triggers [1] . CD may attack any site of the gastrointestinal tract, nevertheless UC typically happens in the colon. Although extensively studied over the past 20 years, the origination and development of IBD remain unknown to a great extent [2] . Until recently, researches have concentrated on small non-coding RNAs (ncRNAs) associated with inflammation to uncover the molecular manners in IBD. With respect to these ncRNAs, precise regulatory relationships are embodied in extensive gene expression alterations that exist in both CD and UC [3] .
CRC serves as one of the most common cancers globally, and liver metastasis ranks as the major cause of CRC associated deaths. Although the pathogenesis of CRC is not fully understood, more and more studies are seeking epigenetic patterns of CRC, with a notable progress in understanding the importance of DNA methylation, histone modifications and ncRNAs. ncRNAs contain a variety of RNA transcripts that cannot express into proteins but rather influence the target genes at transcriptional or post-transcriptional levels [4, 5] . Among the known types of ncRNAs, the most studied is miRNA, research on which with respect to intestinal diseases may aid our acknowledgement of their development and accelerate clinical progress [6, 7] .
Main text miRNA overview
In 1993, Lee et al. discovered the first miRNA, Lin-4 small RNA, which make a difference to the growth of Caenorhabditis elegans [8] . miRNAs are single-stranded RNAs, having a length from 19 to 24 nucleotides.
Firstly transcribed as primary molecules from the genome, miRNAs are then transformed into precursor and mature forms with the help of proteins such as Drosha and Dicer. miRNAs exert biological functions by complementary pairing within the 3′-untranslated region (3′-UTR) of specific mRNAs, which typically leads to a downregulation of target gene expression by the way of mRNA degradation or translational inhibition [9, 10] . Approximately three quarters of the human genome are transcribed into RNA, of which just 3 % is transcribed into mRNAs, which can encode proteins [11] . Thus, the number of ncRNAs is much larger than that of RNAs with protein-coding potentials. Moreover, it has be predicted that miRNAs may hold the promise to adjust almost a third of mammal genes.
Since the discovery of miRNAs involved in regulating the expression of an oncogene or tumour suppressor ten years ago [12, 13] , the characteristics of miRNAs in various human diseases has been widely studied [14] . The regulatory activity of miRNAs typically involves the translational repression of target mRNAs or the decrease of mRNA stability, resulting in a reduction of the final protein output from a given mRNA transcript. Thus, the abnormal expression of miRNAs often results in aberrant cellular functions, leading to further changes in downstream gene regulation and signalling cascades. With the development of miRNA arrays and RNA high-throughput sequencing techniques, miRNA dysregulation has been observed in tissue samples from patients with intestinal diseases [15, 16] . Based on identified physiological and pathological clues, miRNAs may exert a significant impact on intestinal diseases. Progress in the determination and research of miRNAs demonstrated their specific levels and functional manners as pro-/anti-inflammatory genes, oncogenes or tumour suppressors. Thus, in-depth analyses of miRNA-associated functional biomolecules in specific cell systems and different animal models may help to illuminate the roles of miRNAs in the pathogenic processes.
As the dysregulation and function of miRNAs in intestinal diseases have become better understood, the development of miRNA-based therapeutics has rapidly advanced. Here, we summarize recent insights into the opportunities and challenges associated with investigating therapeutic targets of miRNAs in intestinal disease and discuss how these functional molecules can be used for new drug development.
miRNAs as therapeutic targets in CD
Recent research has analysed the miRNA expression profiles in tissues from CD patients. The results of miRNA array and real-time polymerase chain reaction (RT-PCR) demonstrated that miR-21, miR-23b, miR-106a, miR-191, miR-223, miR-594 and miR-16 were significantly upregulated in inflamed sites compared to normal sites. Whereas, miR-19b and miR-629 were underexpressed [17, 18] . Of these miRNAs, inverse relationships between miR-106a and IL-10, miR-150 and c-Myb were observed. These findings may provide new understandings into the regulatory mechanism of gastrointestinal disorders and demonstrate the potential of therapeutic miRNAs. Theoretically, recovering decreased-miRNAs by means of miRNA mimics, or inhibiting upregulated-miRNAs using specific inhibitors may offer clinical application of altered physiological processes in CD. Unlike siRNAs usually with a unique molecule target, miRNAs typically regulate various genes and signallings, and therefore have a comprehensive therapeutic effect.
With respect to restoring miRNA activity, two primary ways can be accomplished, which contain the delivery of chemosynthetic mimics, plasmid vectors or viral vectors [19] . Especially regarding IBD treatments, underlying therapeutic ways of manipulating miRNAs comprise blocking the progression of inflammation or improving the sensitivity of cells to conventional therapies. As mentioned above, the treatment approaches of miRNA-associated intervention contain miRNA inhibitors and miRNA mimics. As one type of miRNA inhibitors, antagomirs can bind to and inhibit the expression of a miRNA of interest, further rescue the inhibition of its targets. In contrast, miRNA mimics are applied to recover the changed function through the restoration of miRNAs into pathological cells to regain the physical state [20] .
Several studies have highlighted the possible therapeutic applications of upregulated miRNAs, which involve miR-155 and miR-31. Served as one of the most well investigated miRNAs, miR-155 exerts a major regulatory function in inherent and acquired immunity and is upregulated in active UC and CD tissues. One target gene of miR-155 is inhibitor of cytokine signalling (SOCS-1), which is a subtractive manipulator of the lipopolysaccharide-caused activation of macrophages as well as the antigen prebeatification of dendritic cells. More targets of miR-155 contain Janus kinase and signal transducer activator of transcription, which belong to the JAK/STAT signalling pathway [21] . In addition, IL-10-regulated miR-155 plays a crucial role in commensal bacterial-induced colitis by targeting SH2-containing inositol phosphatase-1 (SHIP-1). Inhibitors against miR-155 could lead to the recovery of SOCS-1 and SHIP-1 expression and the activation of the immune system, thereby alleviating intestinal inflammation [22, 23] . Brest et al. [24] found that the expression of miR-196 is increased in colon epithelial cells exhibiting CD-associated inflammation in contrast to control samples. miR-196 was observed to downregulate the protective immunity-related GTPase family M protein (IRGM), which affected the efficacy of autophagy, thereby implicating it as an intervention target. Overexpression of miR-124 promoted gut immunity by regulating aryl hydrocarbon receptors in CD, and intestinal delivery of miR-124 inhibitors ameliorated trinitrobenzene sulfonic acid (TNBS)-triggered colitis [25] . Wang et al. [26] showed that miR-223 is overexpressed in IBD and functions as an important mediator in the crosstalk between Claudin-8 (CLDN8) and the IL23 signal pathway. Treatment with miR-223 inhibitors could upregulate CLDN8 and ameliorate TNBS-induced colitis.
Nguyen et al. [27] revealed that miR-30c and miR-130a were overexpressed in CD and may directly target the 3′-UTRs of ATG5 and ATG16L1, respectively. Furthermore, this group demonstrated that suppressors of miR-30c and miR-130a inhibited AIEC-induced downregulation of ATG5 and ATG16L1 expression, enhanced autophagy capacity and decreased inflammation in vivo. Elevated miR-301a could negatively regulate SMAD nuclear interacting protein 1 (SNIP1) and stimulate Th17 cell differentiation through direct regulation of SMAD nuclear interacting protein 1 (SNIP1). Colonic delivery of miR-301a inhibitors downregulated the levels of inflammatory molecules in the inflamed sites caused by TNBS [28] . Additionally, Shi et al. [29] demonstrated that the miR-31 level inversely correlated with that of IL-25 in the large intestine of colitis mice and CD patients. Altering colonic miR-31 levels could affect the mucosal Th1/Th17 pathway adjusted by IL-12/23 and influence the intestinal immunity. Recovering the level of IL-25 and inhibiting Th1/Th17 immunoreactivity through intestinal delivery of miR-31 inhibitors could effectively alleviate the colitis in mice.
With respect to the downregulated miRNAs, Nguyen et al. [27, 30] examined tissue samples from 8 CD patients and observed that the expression of miR-7 was decreased compared to 6 healthy persons. They revealed that miR-7 was decreased in colon sites associated with CD inflammation, whereas its target, CD98, was upregulated, showing the potential of this molecule for future therapeutic interventions. In artificially induced colitis mice, miR-210 suppressed the expression of hypoxia-inducible factor 1α (HIF1α), a key transcription factor of Th17 polarisation, which further promoted a negative feedback circuit mediated by HIF1α and controlled disease severity [31] . Recently, Huang et al. [32] demonstrated that miR-141 exert a crucial function in colonic leucocyte trafficking by targeting CXCL12β. The interaction between miR-141 and the mRNA of CXCL12β effects leukocyte trafficking and the recruitment of immune cells, further regulating the intestinal inflammation in the development of CD. Inhibitors of miR-141 were observed to aggravate TNBS-induced colitis through suppressing CXCL12β. In contrast, treatment with miR-141 protected mice against the pathogenesis of TNBScaused and IL-10 knockout-induced spontaneous enteritis. The characteristics of miRNAs with therapeutic potential in CD patients were listed in Table 1 . These findings mentioned above have prominently deepened our understanding with respect to the development of CD and have showed the clinical application of miRNAs as intervention targets for CD treatment.
miRNAs as therapeutic targets in UC
In 2008, Wu et al. [17] established the first differential expression profile of miRNAs in IBD patients. They detected RNA samples extracted from colon tissues of UC patients compared with healthy control subjects. The results revealed that miR-23a, miR-16, miR-21, miR-29a, miR-24, miR-195, let-7f and miR-126 were prominently overexpressed in tissues from UC patients compared to healthy persons. Whereas, miR-375, miR-192 and miR-422b were markedly underexpressed. Other studies confirmed that the levels of miR-155, miR-127-3p, miR-324-3p, miR-127-3p, miR-31, miR-7, miR-223, miR-324-3p, miR-150 and miR-20b were increased in inflammatory sites of colon tissues from UC patients compared to control sites [18, 34, 33, [35] [36] [37] [38] , whereas miR-346, miR-215, miR-320a, miR-200b, let-7, miR-188-5p, miR-125, miR-101, miR-25 and miR-26 were downregulated [18, 39, 40, 41] .
Among these miRNAs, miR-192 was observed to be the most significantly overexpressed miRNA in tissue samples from UC patients. Macrophage inflammatory peptide-2α (MIP-2α) was shown be to negatively regulated by miR-192 in intestinal epithelial cells (IECs), which functions as a CXC chemokine [17] . Another research demonstrated that TGFβ can trigger miR-192 expression [42] , suggesting that miR-192 could be a primary modulator of the inflammation response. Furthermore, it has been found that miR-126 was overexpressed in UC patient tissues, and it was confirmed that this miRNA could target IκBα, a suppressor of the NF-κB signalling [36] . Given the decreased expression and function of miR-126 in active UC, miR-126 mimics may hold therapeutic potential for UC treatment [43] . As a vital regulator in the inflammatory response, miR-155 exerts important functions in both CD and UC. miR-155 has been shown to have an important role between the Th1 and Th2 pathways by repressing SOCS-1, which performs a protective function under the situation of infections but is pernicious in inflammatory bowel disease [44] . Recently, it was revealed that miR-155 was upregulated in patients with severe UC [33] . Furthermore, miR-155 knockout mice were observed to be resistant to the intestinal inflammation caused by dextran sulfate sodium (DSS) compared to control mice [45] . Additionally, it has been reported that miR-150 is overexpressed in colon tissues from UC and CD patients and in mice with intestinal inflammation. The upregulation of miR-150 may indicate enhanced leukocyte infiltration in the mucosa, leading to a diseased state [37] . Compared to control tissue samples, miR-124 was found to decrease in the colon tissue samples from UC patients. miR-124 effects the protein levels of signal transducer and activator of transcription 3 (STAT3), and the downexpression of this miRNA could result in the overexpression of STAT3 and the enhancement of inflammation [40] . In addition, overexpression of miRNA-214 could suppress the protein levels of phosphatase and tensin homologue (PTEN) and PDZ and LIM domain 2 (PDLIM2), induce raised phosphorylation level of NF-κB and subsequent IL-6 secretion [46] . Furthermore, miR-214 inhibitors can markedly inhibit the phosphorylation of NF-κB, alleviate colitis both in experimental mice caused by DSS and in UC patients. Whereas, the intraperitoneal administration of miR-665 inhibitors significantly aggravate the intestinal inflammation in DSS-caused colitis, which appears to be with shorter colon length and hematochezia [47] . Alicaforsen is an example of an mRNA targeting oligonucleotide therapy that inhibits the protein production of the intercellular cell adhesion molecule-1 (ICAM-1) in the development of UC [48] . Thus, inhibitors of miR-155, miR-150 and miR-124 were currently demonstrated to hold promise as candidates for the clinical application of inflammatory bowel disease. The characteristics of miRNAs with therapeutic potential in UC patients were listed in Table 2 . Based on the findings above, by affecting various immune responses, miRNAs and their inhibitors would be very promising for the clinical application of the inflammation-associated diseases in the intestines.
miRNAs as therapeutic targets in intestinal cancer
In addition to IBD, miRNAs simultaneously play a crucial part in intestinal cancer. Increased levels of miR-21 in tissues were observed to be relevant to a low survival rate, distant metastatic development and positive lymph nodes of CRC patients [13] . Cellular miR-21 increases the metastasis of CRC cells [49] and was also shown to reduce 5-FU-caused G2/M phases progression and cell apoptosis by inhibiting the protein expression of mutS homolog 2 (MSH2) [50, 51] . Therefore, miR-21 may emerge as a promising biomarker for the prognosis of CRC patients and also would be an intervention target for CRC treatment. Sun et al. [52] demonstrated that miR-31 was the most significantly dysregulated miRNA in CRC patient tissues using miRNA arrays. miR-31 promotes the activation of the RAS signalling pathway, stimulating CRC cell growth and tumourigenesis through negatively regulating Ras p21 protein activator 1 (RASA1). Furthermore, they analysed other miRNAs that probably regulating RASA1 in CRC. Upregulation of miR-223 was detected and shown to be involved in the downregulation of RASA1 in tissues from CRC patients. The results of xenograft mice model showed that the overexpression of miR-223 can stimulate tumour growth in vivo, whereas miR-223 inhibitors may suppress the tumour growth established with CRC cells [53] . Additional identified targets of miR-31 include FIH-1 and T cell lymphoma invasion and [47] metastasis 1 (TIAM1), which control cell proliferation and metastasis in CRC. Moreover, treatment using miR-31 inhibitors can enhance the susceptibility of CRC cells to chemotherapeutics, such as 5-FU [54] . Because miR-31 and miR-223 may synergistically function in CRC, the combinational use of inhibitors for miR-31 and miR-223 would result in a superior suppression of RASA1. Additionally, miR-143 was detected to be markedly downregulated in CRC tissues, and the upregulation of miR-143 led to a decrease in cell proliferation, increased cell death and enhanced chemosensitivity to 5-FU [55] . Belong to one cluster, the tumour suppressor miR-145 was demonstrated to inhibit tumour growth and metastasis in CRC [56, 57] . In general, miR-143 and miR-145 share target genes in CRC, which includes mouse double minute 2 homolog (MDM2), erb-b2 receptor tyrosine kinase 3 (ERBB3), Kruppel like factor 5 (KLF5), BRAF and CD44. The simultaneous overexpression of miR-143 and miR-145 was indicated to potentially have a synergistic anti-tumour effect [58, 59] . In addition, several important miRNAs were identified as having roles in CRC proliferation and metastasis. The level of miR-137 was shown to negatively correlated with that of cell division cycle 42 (CDC42), which is a member of the Rho GTPase family and plays an impact in CRC initiation and progression [60] . Furthermore, the expressions of miR-34a and miR-199a were both observed to be negatively correlated with that of Axl, which is a receptor tyrosine kinase that induces the growth and metastasis of cancer cells. Overexpression of miR-34a or miR-199a inhibited cell metastasis and decreased the number of liver metastatic nodules in vivo [61] . Hansen et al. [62] demonstrated that the high level of miR-126 promotes cell proliferation and metastasis through negatively regulating insulin receptor substrate 1 (IRS-1) and AKT and ERK1/2 signalling pathways in CRC. Because vascular endothelial growth factor A (VEGF-A) is also a regulatory molecule of miR-126, manipulating miR-126 expression may simultaneously provide anti-proliferation, anti-metastasis and anti-angiogenic therapy effects [63] .
Furthermore, some miRNAs are involved in the resistance to the chemotherapy using for CRC. As a regulatory target of miR-34a, SIRT-1 is related to the resistance of cells to drugs. Akao et al. observed that miR-34a upregulation can effectively improve the 5-FU resistance of CRC cells [64] . With respect to the chemotherapeutics used for metastatic CRC patients, miR-203 was demonstrated to reverse chemoresistance caused by oxaliplatin through targeting ATM kinase and AKT [65, 66] . As a new modulator of BCL-2, miR-129 can promote cell apoptosis, inhibit cell growth and cause cell-cycle progression in CRC. Karaayvaz et al. revealed that miR-129 could also target thymidylate synthase (TYMS), a suppressor of the 5-FU, enhancing the susceptibility of CRC cells to chemotherapeutics [67, 68] . Thus, intervention methods on account of miR-129 would contribute to realize a various-targeted anticancer effectiveness. Wang et al. [69] demonstrated that delivery of let-7 mimics could reduce tumour growth in vivo. Similarly, intravenous injection of miR-502 precursor every third day was shown to inhibit ectopic tumour growth in mice. By negatively regulating NIRF in vitro, the heterotopic replenishment of miR-502 suppressed cell proliferation, cell cycle drive and autophagy of CRC cells. Thus, as a potential tumour suppressor, miR-502 may be a new candidate for developing a CRC treatment strategy [70] . Importantly, according to the characteristics of different miRNAs and the disease stages of CRC patients, the appropriate combination of miRNAs should be considered when making treatment strategies.
Chronic and prolonged inflammation plays a vital role in promoting CAC tumourigenesis and progression, but the underlying biological events associated with this malignant transformation remain largely unknown. Among the existing findings, several important miRNAs in colitis-associated CRC have been investigated recent years. miR-21 was observed to be significantly upregulated in the tumours from CRC and CAC patients. The inhibition of miR-21 reduced the levels of proinflammatory and procarcinogenic cytokines, while STAT3 and NF-κB inactivation led to the decreased levels of Ki67 and step-down cell growth [71] . The overexpression of miR-26b in tissues was demonstrated to be closely related to the disease severity of UC or CAC patients. By downregulating the expression of the E3 ubiquitin ligase DIP1, the upregulation of miR-26b was shown to be closely related to the stabilization of death-related protein kinase [72] . For the epithelial to mesenchymal transition (EMT) and metastasis process of CRC cells, the activation of IL-6R/STAT3/miR-34a loop was necessary, and it was also relevant to the lymph node and liver metastasis extent of CRC patients. miR-34 could repress the EMT process and was necessary for IL-6-caused process of EMT and cell invasion. It was found that miR-34a, whose expression depends on p53, could inhibit tumour growth by blocking the feedback loop of IL-6R/ STAT3/miR-34a [73] . Additionally, IL-6 could upregulate STAT3-induced transcriptional activation of miR-214 in IECs, which stimulates the levels of phosphorylated-AKT and activated-NF-κB by targeting PDLIM2 and PTEN. The active condition of this regulatory loop was closely associated with the degree of UC patients and the malignant transformation to CRC [46] . The level of miR-301a was upregulated in IECs of IBD patients and CAC patients compared with healthy controls. The mice, whose miR-301a was knockout, had an increased epithelial barrier integrity. There appears to be less severe colitis caused by DSS and smaller amounts of tumours induced by azoxymethane administration in these mice than wild type mice [74] . Recently, enhanced miR-18a expression was observed to lead to highly activated NF-κB and STAT3 by negatively regulating the expression of protein inhibitor of activated STAT3 (PIAS3). The feedback loops mediated by miR-18a significantly promoted cell proliferation and inhibited cell apoptosis, thereby driving CAC progression [75] . The characteristics of miRNAs with therapeutic potential in CRC and CAC patients were listed in Table 3 . These observations provide novel proofs for the utilization of miRNA regulation as a key strategy for intestinal cancer treatment.
miRNA delivery approaches in intestinal diseases
Given the roles of miRNAs in intestinal diseases, it is not surprising that miRNA delivery is a promising area for clinical applications. The different patterns of miRNA expressions in specific types of cells or tissues offer novel possibilities for accurate modulation by miRNA intervention. miRNA delivery systems are being developed to either inhibit the expression of miRNAs or recover the function of miRNAs with the inverse role. Effective methods being explored include those that stimulate miRNAs synthetic process, change epigenetic modification, or use chemosynthetic RNA molecules that mimic miRNAs. Similarly, for approaches that inhibit miRNAs based on nucleotide drugs and chemical molecule are both worthy of attention. Because the effectiveness of single stranded RNA drugs in vivo is less one tenth than in vitro, miRNA mimics are often synthesized and administrated as duplexes [76, 77] . For synthetic RNA, appropriate modifications by means of chemistry are important to enhance combining capacity, increase stability and improve cell ingestion. To realize an in vivo effective therapy, the delivery of miRNA drugs is usually based on functional carriers or viral vectors. Some common viral vectors, containing lentiviral, adenoviral, retroviral and adeno-associated viral (AAV), have been used for miRNA delivery. Of these vectors, because AAV cannot be typically merged into the genome of host, it is nonpathogenic in mammals and allows for continuously highly expression with highly infection efficiency. Of such systems, reassembled AAV vectors have served as the most potential and have been therapeutically applied to clinical trials. AAV has been observed to effectively acquire anti-tumour effect in haemophilia B treatment and is generally well tolerated [78] .
For IBD, treatment based on viral vectors have been tested in mice colitis. Lindsay et al. showed that intravenous and colonic administration of an AAV vector containing IL-10 can significantly reduce intestinal inflammation in acute colitis caused by TNBS and chronic spontaneous colitis induced by IL-10 knockout [79, 80] . Nevertheless, miRNA administration based on viral vectors inevitably has security issues, and it is worth considering the accompanying toxicity and immunogenicity when using this delivery system [81] . Thus, innovative methods to efficiently deliver synthetic miRNAs required further study. With possible implications for IBD therapy, there has been some nanoscale carriers under exploration for small RNA transportation, containing polyethylenimine (PEI), liposome, dendrimers and polylactide-coglycolide (PLGA) particles. Other kinds of materials include silica or gold inorganic materials, exosomes, natural polymers such as atelocollagen, chitosan, protamine et al. [82] . Although nanoparticles have lower efficiency than viral vectors, they hold the potentials to reach specific cells or tissues, with the aid of adjustable ligands of nanoparticles and the specific receptors of different cells or tissues. Similar to miRNAs, Zhang et al. demonstrated that unmodified siRNAs could hardly infiltrate the mucosa structure [83] . On [62, 63] miR-203 ATM kinase and AKT down Chemosensitivity to oxaliplatin [65, 66] miR-129 BCL2, TYMS down Apoptosis, cell growth, cell-cycle, sensitivity to 5-FU [67, 68] miR-502 RAB1B, p53 down Autophagy, cell proliferation, cell cycle, tumour growth [70] miR-26b E3 ubiquitin ligase DIP1 up Cell death [72] miR-214 PDLIM2, PTEN up Malignant transformation [46] miR-18a PIAS3 up Proliferation, cell apoptosis [75] account of this finding, they delivered a TNFα siRNA using liposomes as carrier through colonic administration. This delivery system significantly reduced the mRNA level of TNFα and alleviate the intestinal colitis caused by DSS. Moreover, to raise the efficiency and further decrease the toxic and unwanted effects, delivery strategies which accurate to specific cell type are urgently needed. Zuo et al. [84] investigated the targeted delivery of a novel nano-complex into activated colonic macrophages based on galactosylated low molecular weight chitosan (G-LMWC) and an antisense oligonucleotide (ASO) against TNFα. Additionally, specific delivery of miR-16 mimics into colon macrophages negatively regulated the expression of TNF-α and IL-12p40 in mice colitis induced by TNBS. Ultimately, G-LMWC associated ASO against TNFα or miR-16 effectively relieved mucoimmune response and intestinal inflammation, mainly through inhibiting the proinflammatory factors secreted by macrophages [85] . Recently, an orally administrated nucleotide-delivery vehicle was designed using cationic konjac glucomannan, phytagel and an antisense oligonucleotide against TNF-α. This vehicle can realize the spontaneous release of nucleotide into colonic macrophages via receptor-mediated phagocytosis and alleviate the symptoms of colitis in mice [86] . Huang et al. and Dai et al.
reported that intracolonic delivery of miR-141 or miR193a-3p with PEI as carrier could significantly recover the miRNA expression levels in intestinal epithelial cell. As a result, TNBS/IL-10 knockout-caused or dextran sodium sulfate-induced colitis were respectively ameliorated [32, 87] . Additionally, Zhang et al. demonstrated that nanoparticles derived from edible ginger (GDNPs 2) contain high levels of lipids, proteins, miRNAs and ginger bioactive constituents (6-gingerol and 6-shogaol), which can efficiently be taken up by intestinal epithelial cells and macrophages. Oral administration of GDNPs 2 promoted the proliferation of intestinal epithelial cells, regulated the expression of inflammatory factors, prevented the development of chronic colitis and even colitis associated cancer [88] . The use of the non-viral gene vector to inhibit inflammatory factors secreted by macrophages demonstrates a promising treatment method for CD therapy. For cancer therapy, methods based on manipulating the synthesis and delivery of miRNAs from exosomes exert an important impact on the tumorigenesis and development. The mechanisms by which extracellular miRNAs are loaded into vesicles are currently being explored. Instances of treatments include siRNA transportation using exosomes to across the mice blood-brain barrier and targeted delivery let-7a to negatively regulate epidermal growth factor receptor (EGFR) with the help of exosomes in RAG knockout mice [89, 90] . Additionally, Yin et al. [91] demonstrated that tumour-derived miR-214 by microvesicles (MVs) efficiently downregulated PTEN in mouse peripheral CD4 + T cells, promoting Treg expansion and tumour growth. The intravenous injection of MVs containing miR-214 inhibitors into mice with heterotopic tumours suppressed Treg expansion and tumour progression. Among nucleic acid drugs, miRNAs are promising candidates for endogenous stimuli because of their important functions in tumourigenesis and prominently differential expression. Zhang et al. subtly manufactured nanoscale carriers for the miRNA-modulated delivery of doxorubicin/siRNA, to realize the amplification of miRNAs with low abundance. By modulating the expression of NIR laser, miRNA or ATP, the therapeutic method was assessed respectively in five kinds of tumour cells, resulting in efficient gene silencing and severe apoptosis. The combined utilization of nanophase materials and DNA machines has opened a new avenue for manufacturing nanodrugs for the disease treatment [92] . As for intestinal cancer, intratumoral miRNA delivery using PLGA/PEI-mediated miRNA vector system was recently validated. Liang et al. assembled PLGA/PEI/HA complexes by crosslinking PEI/PLGA suspension with hyaluronic acid, which successfully delivered miRNA plasmid into colon cancer cells and exerted a significant suppressive effect on xenograft tumour in vivo [93] . As a result of administration of siDCAMKL-1, which was encapsulated in Poly (lactide-co-glycolide)-based NPs (NP-siDCAMKL-1), downregulation of oncogenes and reduced tumour growth were achieved [94] . Additionally, several studies specifically delivered miRNA to tumour cells through intravenous injection. Systemic delivery of miR-204-5p carried by PEGylated PLGA nanoparticles or miR-15a/16-1 plasmids encapsulated in cationic liposome respectively caused a significant inhibition of subcutaneous tumour growth in xenograft model of colon cancer [95, 96] . Mesoporous silica nanoparticles have also been used to load miR-328 mimics or miR-155 inhibitors, which resulted in significantly high targeting efficiency and effective therapeutic effects in vitro and in vivo [97, 98] . However, these systems are designed for ectopic tumours, their efficiency for delivering miRNA drugs into intestinal tumour cells requires to be evaluated in the future. Recently, it was reported that intracolonic administration of lentivirus carrying antisense for miR-18a significantly inhibited cell proliferation and led to reduced tumour sizes/numbers in both xenograft colorectal cancer model and AOM-DSS-induced colitis associated colon cancer [75] . Further research concerning in situ drug delivery system at different gut section will lay the foundation for additional clinical study and miRNA-treatment in intestinal diseases.
Challenges of miRNA therapeutics
In the last two decades, the discovery and research of miRNAs have deppened our understanding of their biological roles. In intestinal diseases, functional alterations caused by dysregulated miRNA expression profiles may increase our understanding of disease pathogenesis. As inflammation and cancer are multifactorial diseases, the primary advantage of using miRNA therapeutics is that miRNAs can regulate various genes at transcriptional and post-transcriptional levels, which are associated with one or multiple pathways in the pathological process of intestinal diseases. That is to say, the multi-targeting characteristic of miRNAs offers a possibility to an extensive gene interference by means of limited several miRNAs. Thus, miRNAs gain an advantage over some siRNAs particularly devised to negatively regulate specific target genes [99] .
Nevertheless, there exist significant challenges related to therapeutic methods based on miRNAs. As mentioned above, each miRNA may regulate numerous mRNAs [5] , and at the same time individual mRNA may be regulated by more than one miRNA, thus creating complex biological regulation. Therefore, predicted miRNAs and their regulated-mRNAs are not limited to the established targeted relationship and specific biological effects. The involvement of other undetermined effects of miRNA treatment should be noted, as they may potentially lead to unwanted consequence. Instances contain germline excision of miR-17-92, which is an oncogenic cluster, finally led to bone development deficiency in vivo [100] . There also exist miRNAs-induced needless effects. One underlying challenge is selectively to deliver miRNAs to the specific organ, because systemic delivery may bring the unexpected consequences. Such as, miR-26a can exert a suppressive function on liver cancer by regulating PTEN, while it plays a tumour promoting role in the development of glioma [101, 102] . On account of the multiple target effect of miRNAs, the side effects including unanticipated off-target effects of miRNAs and potential immunogenicity triggered by delivery system are possibly appear. The requirement for seriously considering the long or short term biological effects of miRNA theraputics should be further emphasized.
Additionally, the expression and function of miRNA may be confined to specific cell context. Because of diverse profiles of miRNAs, one kind of miRNA can have unlike levels in distinct kinds of cells and exert various functions. Thus, alteration of some miRNAs may play a protective role in specific cells, but has a detrimental function in other cells. Accurate transportation of the curative miRNAs into the objective cells may help to decrease the side effects in vivo, which remains another choke point for the application of miRNA treatment. The importance of this point needs be emphasized in future studies [103] . Moreover, the majority of investigations that have studied miRNA profile in intestinal disease are partial studies to some extent. Many studies do not control for anatomic locations, treatment regimens or the inflammatory status of the biopsies, and are non-uniform for the collection methods of patient cohorts and tissue samples. The differences among groups, usually resulting in unlike conclusions, may be attributed to the absence of accordant methods. Thus, studies with larger cohorts to analyse the therapeutic effect of these approaches are required [104] .
Furthermore, the obstacle commonly existing in the oligonucleotides utilization should be conquered for miRNA treatment. The miRNAs therapeutics must overcome possible problems associated with oligonucleotide drugs, such as digestion by RNAses in blood, clearance by kidney, obstruction by vascular barrier and low-rate uptake by specific cells [105, 106] . Nanoscale particles particularly manufactured for the transportation of miRNAs to target cells may be beneficial to realize this process. In addition, some miRNAs with the same sequence are given modified names on account of genomic sites [107] . More in-depth knowledge of the genome location of miRNAs can offer insights into the adjusted mechanism and dysregulated expression during disease development. How the delivery of RNA complexes with a 5 nm plus diameter reach the target tissue across the vascular endothelium barrier remains a challenge [108] . Further complicating issue is the lately discovered new mechanism of miRNA, which revealed that miRNA could regulate the protein levels through complementary base pairing with the coding regions of target genes. Once the challenges mentioned above are overcome, the potential opportunity of miRNA treatment will be greatly improved.
Although miRNA study are full of challenges and complicacy, therapeutics based on miRNA has currently being examined in clinical trial. As the well-studied miRNA, miR-21 is almost omnipresent overexpressed in many human tumours, such as colorectal cancer [109, 110] . More interestingly, miR-21 is the specific miRNA that is usually overexpressed in inflammatory sites associated with IBD symptoms. Additionally, NF-κB, which functions as an important transcription factor in the development of IBD and CRC, can contribute to the upregulation of miR-21, suggesting its roles as proinflammatory factor and oncogene [111, 112] . Therefore, miR-21 can not only serve as a therapeutic target for intestinal diseases but also hold the possible application for clinical treatment. The roles of miRNAs in intestinal diseases, particularly with respect to cell signalling require more in-depth studies. Due to the progress in transportion approaches and RNA chemistries, miRNA treatment for cancer has been developed by several pharmaceutical companies [113] .
The therapeutic effects of miRNA treatment are currently evaluated in several clinical trials. Firstly entered clinical development in 2009, "Miravirsen" is an example of miRNA therapeutics for the treatment of hepatitis C (HCV), particularly inhibiting miR-122 in the liver [114] [115] [116] . Another miRNA drug against miR-122, RG-101, was conjugated with a N-acetyl-Dgalactosamine and has been evaluated in clinical trials by Regulus Therapeutics [117] . With regard to miRNA therapeutics for cancer treatment, MRX34, a miR-34 mimic, can efficiently ease symptoms of liver cancer by recovering the expression of miR-34a [118] . However, this trial was terminated due to the adverse toxicities caused by immune reactions. Other miRNAs in clinical trials were characterized and listed in Table 4 . These miRNA drugs in clinical trials imply the prospect of miRNA therapies in intestinal diseases. The efficient miRNAs in mouse intestinal disease models are especially promising for further clinical trials. If specific miRNA-targeted relationship can be demonstrated, this therapeutic model can offer more ways of transporting miRNA mimics or miRNA inhibitors into the specific organ or cells with lowered side-effects. Thus, there is great promise that the study of aberrantly expressed miRNAs will aid in the development of personalized therapies for patients with intestinal diseases.
In the near future, it is not difficult to foresee that miRNA treatment which holds well-developed effects will ultimately be applied in clinical settings. Whereas, the potential challenges of miRNA treatment such as immunogenicity, off-target effects and easy degradability are required to be overcome in advance. Thus, deeper and broader studies with respect to miRNAs in different cells are urgently needed. Additionally, studies are required to distinguish the regulated genes and their functions to get a better acknowledgement of the biological effects of miRNAs. Collectively, these findings indicate that miRNAs could be targeted therapeutically and served as new drug targets.
Conclusion
This review highlights miRNAs with applicable probabilities as therapeutic targets and provides an outlook on the challenges of developing miRNA-based therapies. Ever since the first discovery of the abnormal expression of miRNA, research achievements have identified miRNA profiles in patients with intestinal diseases. Despite existing progress, there remains significant hurdles to the realization of effective miRNA therapies. The molecular networks underlying the post-transcriptional regulation exerted by miRNAs still need to be delineated. Further research will absolutely lay a foundation for more effective clinical evaluation and offer more clues for the development of miRNA drugs, supporting miRNAs as potential therapeutics in intestinal diseases. 
